hemodynamically stable patients undergo CT angiography (CTA) in the ER, whereas hemodynamically unstable patients are taken to the OR immediately. In all patients, percutaneous insertion of a 12F sheath (Ultimum Introducer; St Jude Medical, St Paul, Minnesota, USA) into the femoral artery is performed, followed by insertion of an AOB (Reliant; Medtronic Vascular, Santa Rosa, California, USA). If the patient is hemodynamically unstable, the balloon is inflated, and the aorta is occluded. If CTA confirms that the morphologic features of the aneurysm are suitable for EVAR, the patient is considered eligible for this procedure. Under the SRAP, suitable morphologic features are an aneurysm neck diameter of between 18 and 30 mm, a neck angulation of less than 90 degrees, and a neck longer than 5 mm. An Excluder AAA Endoprosthesis (WL Gore & Associates, Flagstaff, Arizona, USA) is used in all endovascular rAAA repairs. In hemodynamically unstable patients in whom contralateral cannulation would be difficult to achieve, an aortic extender is used to occlude the contralateral leg (aortouni-iliac [AUI] technique and femorofemoral [FF] bypass). a protocol-based approach to improving rAAA treatment outcomes.
About 15 emergency operations for an rAAA are performed at our institution each year. Approximately half the patients treated have been transferred from another hospital. Until December 2009, all rAAA repairs involved laparotomy, performed according to a standard conventional open surgery (COS) protocol. Thus, when emergency room (ER) physicians suspected an rAAA after an echographic or computed tomographic (CT) evaluation, they called a surgeon. After all the surgical instruments and anesthetic agents and equipment had been prepared, the patient was transferred to the operating room (OR), where aortic clamping below the renal artery or above the celiac artery was done, and a straight graft (I-graft) was replaced. If the ER personnel determined that a patient was in shock, a thoracotomy in the left side of the chest was accomplished immediately, the descending aorta was clamped, and the patient was then transferred to the OR for rAAA repair.
In 2010, we developed a new protocol for treating patients with rAAAs: the Shonan ruptured abdominal aortic aneurysm protocol (SRAP; Fig. 1 ). The protocol, which is based on an EVAR-first approach and an algorithm described by Mehta, et al., 8) clearly specifies the roles and responsibilities of the ER staff, on-call surgeon, anesthesiologists, OR staff, and radiology staff ( Table 1) . It also provides detailed instructions for all procedures, including patient transfers. Because the primary goal of development of the SRAP was to use EVAR as the initial treatment for rAAAs in as many cases as possible, our morphologic indications for EVAR were less strict than those in the manufacturer's instructions for use (IFU) for the endoprosthesis employed. A secondary aim of creation of the SRAP was to prioritize patients' transfer to the OR and thereby expedite the progression from diagnosis to insertion of an aortic occlusion balloon (AOB).
We describe a retrospective comparison between short-term patient outcomes achieved with the SRAP and those obtained with COS.
Methods
All patients or their representatives provided informed consent to use of the SRAP, which was approved by both an in-house and an external institutional review board. Under the SRAP, when ER physicians suspected a rAAA after an initial echographic evaluation, If the morphologic features of the aneurysm are unsuitable for EVAR, the patient undergoes COS under general anesthesia. During the operation, the aorta is replaced while the bleeding is controlled with an AOB. All patients who have an rAAA repair, regardless of whether an endovascular or open approach is used, are transferred to the intensive care unit after their procedure.
In this study, patients who underwent EVAR under the SRAP and those who had COS under the older protocol were compared with respect to baseline characteristics, operating time for rAAA repair, units of blood transfused during the repair, intraoperative mortality rate, in-hospital mortality rate, duration of hospital stay, 30-day mortality rate (primary endpoint), and cause of postoperative death. The severity of the preoperative The three open repairs in the SRAP group were performed because the morphologic features of the aneurysm neck did not meet the criteria for EVAR specified in the protocol. Table 2 shows baseline characteristics of the patients in the study. The only significant difference between the COS and EVAR groups was the higher rate of cerebrovascular disease in the SRAP group (P <0.05). The results of Glasgow aneurysm scoring indicated that all 57 patients were at high risk of death after open surgery for AAA. Table 3 shows operative and perioperative data for the two treatment groups. The 30-day mortality rate was 43.3% in the COS group (13 of 30 patients) and 18.5% (5 of 27) in the SRAP group, with the difference being significant (P <0.05). Moreover, compared with patients in the COS group, those in the SRAP group had significantly lower rates of both intraoperative and in-hospital mortality. There were no significant differences between groups in operating time, units of blood transfused, duration of hospital stay, or deaths due to multiple-organ failure (MOF).
Characteristics of the 24 EVAR procedures done under the SRAP are shown in Table 4 . Technical success was achieved in all but one patient. The patient in whom the endoprosthesis could not be placed was a 98-year-old man who was in shock at arrival at our hospital. After aortic cross-clamping with an AOB, he had a cardiac arrest and died, despite cardiopulmonary resuscitation attempts. In two patients, the AUI technique and FF bypass were required because of hemodynamic instability. All sion to the organs and prevention of coagulopathy would reduce postoperative deaths from MOF, but the COS and SRAP groups had a similar MOF-related mortality rate. Our results, therefore, suggest that the introduction of new techniques to mitigate the risk of MOF in patients who have undergone rAAA repair will be a key factor in increasing survival rate.
Abdominal compartment syndrome (ACS), a lifethreatening condition, has been found to be associated with endovascular repair of rAAAs. Mehta, et al. 15) reported that the development of ACS is related to the hemodynamics of the specific aneurysm and that patients with ACS are more likely to have an increased activated partial thromboplastin time and require an AOB and massive transfusion. They also observed that the mortality rate among patients in whom ACS occurs after AAA repair is significantly higher than that in patients who do not have an onset of ACS (67% vs. 10%; P = 0.01). Mehta, et al. recommended that intravesicular pressure be monitored closely in patients who have undergone endovascular rAAA repair and that decompressive laparotomy be performed promptly when the pressure increases or worsening of ACS is observed. The SRAP does not currently specify postoperative management practices, but adding such specifications to future versions of the protocol may enhance its effectiveness in improving rAAA treatment outcomes.
conclusIons
With the introduction of the SRAP, an EVAR-first strategy for repairing rAAAs, intraoperative, in-hospital, and 30-day mortality rates decreased in comparison with rates associated with COS. Thus, the SRAP appears to be useful when performed by EVAR experienced physician in improving early outcomes of rAAA treatment. Midterm and long-term results with the use of the SRAP remain to be determined.
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12 patients in whom the endoprosthesis was used outside the IFU guidelines had a hostile aneurysm neck, but the neck did meet the morphologic criteria stipulated in the SRAP. In two patients, preoperative CT scanning was not feasible because the patients were hemodynamically unstable, but images were obtained intraoperatively for both. Seventeen of 24 patients who had undergone EVAR had an additional procedure.
dIscussIon
Our findings suggest that the introduction of the SRAP resulted in an improvement in early outcomes of a procedure for treating rAAAs that is less invasive than COS. Factors that probably contributed to the improvement were careful patient selection according to morphologic criteria and a multidisciplinary approach that expedited the treatment process. Our study was not designed to assess whether results achieved with EVAR of rAAAs are superior to those with COS. A formal comparison between EVAR and COS would require a randomized study, but we believe that such a study would not be ethically acceptable. However, a nonrandomized prospective study might provide useful comparative data.
With the use of the SRAP at our institution, EVAR could be accomplished in all but one case meeting the basic criteria for an endovascular repair. The aneurysm neck in an rAAA is often hostile because of the large diameter of the aneurysm sac and the steep neck angle; therefore, implantation of the endoprosthesis must be tailored to the specific morphologic features of the neck. We prefer to withdraw the floppy portion of the stiff wire that reaches the tip of the delivery system and deploy the device while pressing on the delivery system. We think this method is the easiest to perform and the most appropriate for a hectic emergency situation. Others have suggested bending the stiff wire. [12] [13] [14] Furthermore, to facilitate a good fit between the rigid body of the endoprosthesis and a torturous neck, we implant the device with the body in a lower position and add an aortic extender. If large endoleak and hemodynamic instability develop, however, conversion to open surgery becomes unavoidable. Conversion in this situation is challenging and requires extensive surgical experience.
The reduction in intraoperative mortality we observed under the SRAP was probably due to minimization of blood loss achieved by prompt aortic-cross cramping with an AOB, which allowed patients to recover from shock. We anticipated that maintenance of blood perfu-
